Two experiments, each consisting of 2 trials, were conducted to determine the effect of salmon protein hydrolysate (SPH) and spray-dried plasma protein (SDPP) fed during the first week postweaning and their subsequent effect on the growth performance of weanling pigs. Pigs were fed in a 3-phase feeding program with durations of 7 d for phase 1 in both Exp. 1 and 2; 14 or 15 d for phase 2 in Exp. 1 and 2, respectively; and 7 or 8 d for phase 3 in Exp. 1 and 2, respectively. Dietary treatments were fed only during phase 1, whereas the same diet was fed to all pigs in phases 2 and 3. Pigs were blocked by initial BW and sex, and littermates were balanced across treatments. Data from the 2 trials within each experiment were combined and analyzed together; no treatment × trial interactions (P > 0.10) were observed. In Exp. 1, a total of 324 weanling pigs (10 replications of 5 or 6 pigs per pen) with an average initial BW of 6.4 ± 1.3 kg were assigned to 1) a control diet with no SPH or SDPP, 2) 1.5% SPH, 3) 3.0% SPH, 4) 1.5% SDPP, 5) 3.0% SDPP, or 6) 1.5% SPH + 1.5% SDPP. Experiment 2 was similar to Exp. 1, but red blood cells were removed from all diets to reduce diet complexity. In Exp. 2, weanling pigs (n = 320, 14 replications of 5 or 6 pigs per pen) with an average initial BW of 5.4 ± 1.2 kg were assigned to 1) a control diet with no SPH or SDPP, 2) 1.5% SPH, 3) 1.5% SDPP, or 4) 1.5% SPH + 1.5% SDPP. Three batches of SPH were used, and each batch was analyzed for AA composition. In Exp. 1, the inclusion of SDPP or SPH during phase 1 did not affect (P > 0.10) ADG, ADFI, or G:F compared with those of pigs fed the control diet. No carryover effects on growth performance were observed in any of the subsequent phases. Overall, G:F was greater (P = 0.08) in pigs fed the 1.5% diets compared with those fed the 3.0% diets. In Exp. 2, no differences (P > 0.10) were observed in ADG, ADFI, or G:F among pigs fed the SPH or SDPP diets compared with those of pigs fed the control diet. Pigs fed the combined diet had greater (P < 0.10) overall ADFI compared with that of pigs fed the control diet, but ADFI was similar to that of pigs fed the SPH and SDPP diets. These results indicate that inclusion of up to 3% SDPP or SPH in diets fed during the first week postweaning did not affect the growth performance of weanling pigs, and no subsequent carryover effects were observed. Salmon protein hydrolysate did not affect the growth performance of weanling pigs and may be considered an alternative protein source in diets for weanling pigs.
INTRODUCTION
Highly digestible and palatable protein sources have been used to stimulate feed intake and improve the growth performance of weanling pigs. Spray-dried plasma protein (SDPP) is a high-quality animal protein source that 1) provides an adequate supply of essential AA (except Met), 2) increases diet palatability (Ermer et al., 1994) , and 3) improves immunocompetence (Coffey and Cromwell, 1995) of weanling pigs. van Dijk et al. (2001) reported that the ability of SDPP to improve growth performance is more pronounced during the first week postweaning, with limited carryover effects on the subsequent growth performance of pigs. Spraydried plasma protein is one of the most expensive protein sources commonly used in practical starter diets in the United States; therefore, alternative protein sources are needed.
Many fish products and coproducts have been evaluated in diets for swine. In general, fishmeal products contain increased concentrations of essential AA and have been shown to increase the growth performance of weanling pigs (Stoner et al., 1990; Kim and Easter, 2001) . The nutrient composition and the feeding value of the different fishmeal products may vary depending on the type and species of fish used in the meal as well as the processing characteristics. Salmon protein hydrolysate (SPH) is made from salmon heads, frames, and viscera through a continuous-line process with controlled proteolytic enzyme digestion that hydrolyzes the protein into peptides and free AA (Folador et al., 2006) . Husby (1991) reported that amounts up to 10% SPH increased the growth performance of weanling pigs. Gottlob et al. (2006) reported that SPH had an odor, texture, and consistency similar to menhaden fishmeal, but with smaller standardized ileal digestibility values for almost all AA. However, published literature evaluating SPH as a protein source in diets for pigs is limited.
Therefore, the objectives of this research were 1) to compare the feeding value of SDPP and SPH during the first week postweaning, and 2) to determine their subsequent carryover effects on the growth performance of weanling pigs.
MATERIALS AND METHODS
All experimental protocols used in these studies were approved by the Louisiana State University Agricultural Center Animal Care and Use Committee.
General
Two experiments, each consisting of 2 trials, were conducted. In all experiments, weanling pigs (Yorkshire, Yorkshire × Landrace, or Yorkshire × Landrace × Duroc) were obtained from the Louisiana State University Agricultural Center Swine Unit and housed in an environmentally controlled nursery building. Each pen was 0.97 × 1.47 m in size and contained 1 nipple waterer and a 4-hole stainless steel self-feeder to provide ad libitum intake of water and feed (meal form). Pigs were allotted to dietary treatments based on initial BW in randomized complete block designs, and littermates and sex were balanced across treatments. Pigs were fed in a 3-phase feeding program, with durations of 7 d for phase 1 in both Exp. 1 and 2; 14 or 15 d for phase 2 in Exp. 1 and 2, respectively; and 7 or 8 d for phase 3 in Exp. 1 and 2, respectively. Dietary treatments were fed only during phase 1. During phases 2 and 3, all pigs were fed the same diet. All pigs and feeders were weighed at the beginning and end of each growth phase for the determination of ADG, ADFI, and G:F.
Three different batches of SPH (Green Earth Industries, Dulles, VA) were used in this research, and each batch was analyzed for AA content (Table 1) . Amino acid concentrations were determined after acid hydrolysis [AOAC, 2000; method 982.30 E(a)]. Total sulfur AA content was determined after performic acid oxidation followed by acid hydrolysis [AOAC, 2000; method 982.30 E(b) ]. Tryptophan content was determined after alkaline hydrolysis [AOAC, 2000; method 982.30 E(c) ]. Dietary treatments were formulated based on the analyzed AA values for SPH and on the AA and nutrient concentrations provided by American Protein Corporation (Ankeny, IA) for SDPP (product AP920). The nutrient values reported by NRC (1998) were used for all the other ingredients. Dietary treatments were formulated to contain 1.60, 1.40, and 1.20% total Lys for phases 1, 2, and 3, respectively, and to meet or exceed the AA ratios suggested by Baker (1997) . All other nutrients met or exceeded the nutrient recommendations suggested by NRC (1998).
Exp. 1
This experiment was conducted to determine the effect of SDPP and SPH at 2 inclusion amounts during phase 1 and their subsequent effect on the growth performance of weanling pigs. A total of 150 or 174 weanling pigs (average initial BW = 5.7 ± 1 or 7.0 ± 1.2 kg) weaned at 17 to 21 d or 20 to 27 d of age were used in trials 1 and 2, respectively. During phase 1, dietary treatments included 1) a control diet with no SPH or SDPP, 2) 1.5% SPH, 3) 3.0% SPH, 4) 1.5% SDPP, 5) 3.0% SDPP, or 6) 1.5% SPH + 1.5% SDPP (Table 2) . In trial 1, each treatment was replicated with 5 pens of 5 pigs per replicate pen. In trial 2, each treatment was replicated with 4 pens of 6 pigs per replicate pen and 1 pen of 5 pigs per replicate pen. The combined data from trials 1 and 2 included a total of 324 weanling pigs (average initial BW = 6.4 ± 1.3 kg), and each treatment was replicated with 10 pens of 5 or 6 pigs per replicate pen.
Exp. 2
This experiment was conducted to determine the effect of 1.5% SPH, 1.5% SDPP, or their combination during phase 1, and their subsequent effect on the growth performance of weanling pigs. In contrast to Exp. 1, in Exp. 2, red blood cells were removed from the phase 1 basal diet and from the phase 2 diet to reduce diet complexity. A total of 164 or 156 weanling pigs (average initial BW = 5.5 ± 1.2 or 5.4 ± 1.2 kg) weaned at 15 to 21 d or 16 to 24 d of age were used in trials 1 and 2, respectively. During phase 1, dietary treatments included 1) a control diet with no SPH or SDPP, 2) 1.5% SPH, 3) 1.5% SDPP, or 4) a combined diet with 1.5% SPH + 1.5% SDPP (Table 3) . In trial 1, each treatment was replicated with 6 pens of 6 pigs per replicate pen and 1 pen of 5 pigs per replicate pen. In trial 2, each treatment was replicated with 4 pens of 6 pigs per replicate pen and 3 pens of 5 pigs per replicate pen. The combined data from trials 1 and 2 included a total of 320 weanling pigs (average initial BW = 5.4 ± 1.2 kg), and each treatment was replicated with 14 pens of 5 or 6 pigs per replicate pen.
Statistical Analysis
Data from all experiments were analyzed as randomized complete block designs using the PROC MIXED (SAS Inst. Inc., Cary, NC). Initial BW was used as the blocking factor, and the pen of pigs served as the experimental unit. Data from both trials within each experiment were combined and analyzed together. The model included the fixed effects of dietary treatment, trial, their interaction, and the random effect of block. The treatment × trial interaction was not significant (P > 0.10) for any variable in any of the combined data and was therefore removed from the model. In Exp. 1, preplanned nonorthogonal contrast statements were used to determine 1) source, both amounts of SPH vs. both amounts of SDPP; 2) level, 1.5 vs. 3.0% SPH and SDPP; 3) source × level; 4) control vs. SPH; and 5) control vs. SDPP. In both experiments, differences between treatment means were determined using preplanned pairwise contrasts (PDIFF option of SAS), and effects were considered significant at P < 0.10.
RESULTS AND DISCUSSION
Published AA values for different sources of SDPP fed to swine are available (NRC, 1998; van Dijk et al., 2001; Gottlob et al., 2006) ; however, limited values have been published for SPH (Folador et al., 2006; Gottlob et al., 2006) . In our study, 3 batches of SPH were used, and each batch was analyzed for AA composition (Table 1) . Based on the published values for SDPP (NRC, 1998) , SPH contained smaller amounts of all essential AA, with the exception of Met (0.69 vs. 1.94) and Arg (4.57 vs. 5.53), but greater amounts than those in soybean meal.
Exp. 1
During phase 1, no differences (P > 0.10) were observed in ADG, ADFI, or G:F among pigs fed diets with SDPP or SPH compared with pigs fed the control diet (Table 4) . Daily BW gain and ADFI were not affected (P > 0.10) during any of the subsequent growth phases. During phase 2, pigs fed the 3.0% SPH diet had lesser (P < 0.10) G:F compared with pigs fed the 1.5% SPH diet but had G:F similar (P > 0.10) to pigs fed the other diets. During phase 3, pigs fed the control Values were from the American Protein Corporation (Ankeny, IA).
4
For the batches of SPH (Green Earth Industries, Dulles, VA), the CP was calculated as 6.25 times the sum of the N from all AA. and 3.0% SDPP diets had lesser (P < 0.10) G:F compared with pigs fed the 1.5% SDPP diet, but G:F was similar (P > 0.10) to pigs fed the other diets. In the overall data, an effect of level (P = 0.08) was observed in G:F; pigs fed the 1.5% protein source during phase 1 had greater G:F compared with pigs fed the 3.0% protein diets. However, no effects of level (P > 0.10) were observed in any of the other variables during any of the growth phases. Similarly, no source (SDPP vs. SPH) or source × level effects were observed for any growth variable during any of the phases.
Our results indicate that inclusion of SDPP or SPH did not affect the growth performance of weanling pigs compared with those fed the control diet. Growth responses in pigs fed diets with SDPP have been more evident when fed during the first 2 wk postweaning, usually at 6% (van Dijk et al., 2001 ) and under unsanitary housing conditions (Coffey and Cromwell, 1995; Zhao et al., 2007) . Similarly, the degree of growth response to fishmeal products has been more evident at inclusion of 5 to 10% and in pigs with a reduced health status (Chiba, 2001) . Salmon protein hydrolysate has been reported to increase growth rates of weanling pigs when fed at amounts up to 10% (Husby, 1991) . However, in our study, SDPP and SPH were fed only during the first 7 d postweaning at up to 3%, and pigs were housed under highly sanitary conditions. Additionally, several researchers who have reported increased growth performance with SDPP or fishmeal products have used either simple diets or less complex diets (Pierce et al., 2005; Gottlob et al., 2007; Zhao et al., 2007) than those used in our studies. Our phase 1 basal diet and phase 2 diet included a mixture of highly digestible and palatable ingredients (dried whey, menhaden fishmeal, blood cells, and lactose), which may have masked the possible growth-promoting effects of SDPP and SPH at those inclusion amounts.
Exp. 2
In Exp. 2, red blood cells were removed from the phase 1 basal and phase 2 diets to reduce the diet complexity compared with those fed in Exp. 1. Additionally, SDPP and SPH were evaluated only at 1.5% inclusion because overall G:F was greater at 1.5% compared with 3.0% in Exp. 1. During phase 1, no differences (P > 0.10) were observed in ADG and ADFI among pigs fed the SDPP or SPH diets compared with pigs fed the control diet (Table 5) . Pigs fed the combined diet with 1.5% SPH + 1.5% SDPP had greater (P < 0.10) ADG, ADFI, and G:F compared with pigs fed the control and SPH diets, but these were similar (P > 0.10) to pigs fed the SDPP diet. Gain:feed was greater (P < 0.10) in pigs fed the SDPP and combined diets compared with pigs fed the control and SPH diets. However, no subsequent effects (P > 0.10) in ADG, ADFI, and G:F were observed among pigs fed the SPH or SDPP diets compared with pigs fed the control diet during phases 2 and 3, and in the overall data. Pigs fed the combined diet had greater (P < 0.10) overall ADFI compared with pigs fed the control diet, but this was similar to pigs fed the SPH and SDPP diets. , 11, 023 IU; vitamin D, 3, 307 IU; vitamin E, 88 IU; menadionine (menadionine pyrimidinol bisulfate), 8.3 mg; riboflavin, 13 mg; pantothenic acid, 50 mg; niacin, 88 mg; vitamin B 12 , 61 μg; choline (choline chloride), 882 mg; folic acid, 3.3 mg; pyridoxine, 4.41; thiamine, 4.41; and vitamin C, 110 μg. 7 Neo-Terra 10/10, oxytetracycline (from oxytetracycline quaternary salt) equivalent to 22 g/kg of premix of oxytetracycline hydrochloride and 15.4 g/kg of premix of neomycin premix (Nutra Blend Corporation, Neosho, MO). Table 4 . Effect of salmon protein hydrolysate (SPH, Green Earth Industries, Dulles, VA) and spray-dried plasma protein (SDPP) during phase 1 followed by a control diet during phases 2 and 3 on the growth performance of weanling pigs in the combined data from Exp. Treatment means in the same row with different superscripts are significantly different (P < 0.10).
1 Data are means of 10 replications with 5 or 6 pigs per replicate pen. The average initial BW was 6.4 ± 1.3 kg.
2
Overall treatment P-value.
3
Source effect is both amounts of SPH vs. both amounts of SDPP.
4
Level effect is the 1.5% amounts of both sources vs. the 3.0% amounts of both sources.
Salmon and plasma protein for weanling pigs Similar to Exp. 1, in Exp. 2 no differences were observed in ADG and ADFI among pigs fed the SDPP or SPH diets compared with pigs fed the control diet during any of the growth phases. The inclusion amount used in these studies may not be enough to further promote growth performance compared with pigs fed a complex or semicomplex control diet with no red blood cells. However, pigs fed the combined diet with 1.5% SPH and 1.5% SDPP had greater ADG, ADFI, and G:F during phase 1 and had greater overall ADFI compared with pigs fed the control diet. Interestingly, these same results were not obtained in Exp. 1 in pigs fed a similar combined diet that included blood cells. It seems that the magnitude of response to either SDPP or SPH may be more evident when evaluated in less complex diets. However, greater inclusion may be required to elucidate these responses. Results from Exp. 1 and 2 are in agreement with previous research that has reported no carryover effects of feeding SDPP during the first week postweaning on the subsequent growth performance of weanling pigs (van Dijk et al., 2001 ).
In conclusion, these results indicate that inclusion of up to 3.0% SDPP or SPH does not affect the growth performance of weanling pigs compared with that of pigs fed a complex or semicomplex control diet. The magnitude of response to these protein sources seems to be increased when evaluated in less complex diets. The inclusion of either SDPP or SPH in diets fed during the first week postweaning did not affect the subsequent growth performance of weanling pigs. Salmon protein hydrolysate did not affect the growth performance of weanling pigs and may be considered an alternative protein source in diets for weanling pigs. Treatment means in the same row with different superscripts are significantly different (P < 0.10). 1 Data are means of 14 replications with 5 or 6 pigs per replicate pen. The average initial BW was 5.4 ± 1.2 kg.
2 Overall treatment P-value.
